Hereby, one kind of facile carbon dots (CDs) from hydroxypropylmethyl cellulose (HPMC) has been successfully provided, which obviously emitted blue fluorescence. With the related characterizations in detail, the CDs prepared here mainly consisted of C and O, owing to the functional groups of -OH and C=O on their surfaces. Likewise, the CDs also showed multiple advantages, including excellent photostability, superior dispersity and desirable stability. Moreover, the CDs were applied for sensing ciprofloxacin due to forming complexes with ciprofloxacin, thus leading to the fluorescence quenching of CDs. This proposed method was permitted to sense ciprofloxacin in a linear range of 10 nM L -1 -90 μM L -1 , suggesting that it may broaden the sensing ways for assaying ciprofloxacin.
Introduction
During the past decade, carbon dots (CDs) are considered to be one of charming nano materials because of their remarkable properties, including stable photoluminescence, tunable excitation and emission wavelength, low toxicity, small size, satisfactory fluorescent performance and favorable biocompatibility. [1] [2] [3] Due to the attractive properties of CDs, they have been widely introduced into the fields of biological labelling, photocatalysis, sensing and biomedicine. [4] [5] [6] [7] [8] Basically, there existed two main approaches developed for synthesizing carbon dots. One way is the "top down", such as electrochemical oxidation, acidic oxidation and laser ablation. [9] [10] [11] The other way is "bottom up", involving hydrothermal, ultrasonic and microwave. [12] [13] [14] As been well known, whether it is semiconductor quantum dots (QDs) or traditional organic dyes, they all show bad toxicity to human health and our environment; however, carbon dots exhibit fascinating biocompatibility and potentiality in theoretical as well as in practical aspects. [15] [16] [17] [18] Therefore, various kinds of carbon dots have been employed to design fluorescent probes in the analytical field. [19] [20] [21] [22] Hydroxypropylmethyl cellulose (HPMC), a critical class of hydrogel-forming polymers, has extensive applications in industry. It also plays an important role in field of medical excipients, not only serving as thickeners, dispersant and adhesives, but also further being used for preparing oral controlled drug delivery systems. All of the above applications show that HPMC is non-toxic and inexpensive. Therefore, HPMC serves as a carbon resource for producing CDs that is safe and low cost. 23, 24 As a broad-spectrum antibiotic agent, ciprofloxacin appeared in the 1980s. Serving as a thirdgeneration fluoroquinolone antibiotic agent, which plays a critical role in our lives, while most Gram-negative bacteria and Gram-positive bacteria have remained highly susceptible to this agent. 25, 26 Thereby, occurrences of ciprofloxacin residues have been reported since it had been widely used in the treatment of various infections. 27 For detecting ciprofloxacin, highperformance liquid chromatography (HPLC) coupled with a UV, MS or fluorescence detector, as the most common analytical method, was usually applied to detect ciprofloxacin. [28] [29] [30] Also, capillary electrophoresis (CE) coupled with the various detection of ultraviolet (UV), photometric fluorescence and mass spectrometric instruments have been reported for the determination of ciprofloxacin. 31, 32 However, the problem of high cost and being time-consuming are often noticed when analyzing ciprofloxacin in environmental or biological samples. Consequently, developing facile and accurate strategies for sensing ciprofloxacin are still in urgent demand.
Hence, we have successfully synthesized carbon dots with a novel carbon source of HPMC in a short time (Fig. 1) . The CDs emitted blue fluorescence, while its quantum yield was 1.36%. Significantly, we have built up a sensitive and simple strategy to assay ciprofloxacin using as-produced CDs, which can be successfully applied to detect ciprofloxacin on the basis of the fluorescence intensity decreasing of CDs by adding ciprofloxacin.
Experimental

Reagents and chemicals
Ciprofloxacin, glucose, cysteine, glycine, threonine, histidine, vitamin B and GSH were purchased from Sangon Biotech Co., Ltd. (Shanghai, China). Sodium dihydrogen phosphate (NaH2PO4), disodium hydrogen phosphate (Na2HPO4), hydroxypropylmethyl cellulose (HPMC), boric acid (H3BO3), phosphoric acid (H3PO4), glacial acetic acid (HAc), sodium hydroxide (NaOH) and sodium chloride (NaCl) were obtained from Dingguo Changsheng Biotechnology Co., Ltd. (Beijing, China). Ultrapure water with a conductivity of 18.25 MΩ cm -1 was applied for all experiments and produced by an Aquapro AWL-0502-P ultrapure water system (Chongqing, China).
Apparatus
A Hitachi F-7000 fluorescence spectrophotometer (Tokyo, Japan) was used to measure all fluorescence intensities with an excitation slit setting at 5 nm band pass and emission at 5 nm band pass in a 1 × 1 cm quartz cell. Meanwhile, high-resolution transmission electron microscopy (HR-TEM) images were taken by a TECNAI G2 F20 microscope (Portland, OR) at 200 kV. A Shimadzu UV-2450 spectrophotometer (Tokyo, Japan) was employed to record UV/Vis absorption spectra. The pH values measurements of all solutions were performed by a Fangzhong pHS-3C digital pH meter (Chengdu, China). Mixing solution used a vortex mixer, QL-901 (Haimen, China). Through Fourier-transform infrared (FTIR) spectrometer (Tokyo, Japan) and ESCALAB 250 X-ray photoelectron spectrometer (XPS), elemental and functional group could be analyzed. A Zetasizer Nano Dynamic Light Scattering (DLS) instrument (Malvern, England) was employed to obtain the size distribution. A thermostatic water bath (DF-101s) was purchased from Gongyi Instrument Co., Ltd. (Gongyi, China). The powder of CDs was obtained via lyophilization in PiloFD8-4.3V (Charlotte, NC).
Synthesis of CDs
The HPMC was first utilized to produce CDs; it was a novel the carbon resource. In short, 1 g of power HPMC was mixed with 10 mL of NaOH (3 M). The aqueous solution was heated on an electric cooker until the solution changed into black solid, and was then cooled to room temperature. Then 10 mL of ultrapure water was added into the mixture to form a suspension. It was filtered by filter paper. Large particles in the solution were removed through centrifugation (3000 rpm, 10 min) and filtered by 0.22 μm filter membrane; then, the CDs were dialyzed though a dialysis membrane (300 MWCO) for 24 h. Finally, the powder of CDs was obtained by lyophilization and employed to future use and characterization. Storage conditions of CDs were in the dark at 4 C.
Detection of ciprofloxacin
Firstly, 100 μL of CDs (20 mg/mL) and 100 μL of BrittonRobinson (BR) buffer (50 mM, pH 7) were successively added into a 1.5-mL vial; then, 100 μL of ciprofloxacin with altered concentrations (2, 4, 6, 8, 20, 50 , 80, 100, 500 nM, 8, 50, 200, 900 μM) were pipetted separately. The obtained solution was diluted to 1 mL with deionized water and completely mixed. The mixtures was incubated at 37 C, and the fluorescence intensities of the CDs were measured after 15 min. To assess the interference of this method, glucose, cysteine, glycine, threonine, histidine, GSH, vitamin B and ions (K + , Na + , Ca 2+ ) were introduced to investigate the influence of the process for sensing ciprofloxacin under the optimal conditions.
Results and Discussion
Characterization of the fluorescent CDs
In order to further explore the relevant properties of the CDs described here, a range of experiments were successively performed. Chiefly, as shown in Fig. 2A , the CDs showed obvious blue fluorescence with a peak maximum at 420 nm upon 310 nm excitation. Under UV light at 365 nm, the CDs solution showed blue fluorescence ( Fig. 2A photograph I) , while under daylight, it showed a yellowish solution ( Fig. 2A  photograph II) . Likewise, there are no obvious peaks in the picture of the UV-Vis absorption spectrum. Furthermore, as the excitation wavelengths changed from 310 to 390 nm, the emission peak shifted to a longer wavelength with the fluorescence intensity decreasing (Fig. 2B) , demonstrating that the emissions of the CDs produced here were excitationdependent. Meanwhile the fluorescence intensity or absorbance of CDs versus concentrations of CDs showed a liner range of from 0.2 to 2 mg mL -1 (Fig. S1, Supporting Information) . Also, by employing HR-TEM, the morphology of the CDs was directly observed. Figure 2C shows their satisfactory dispersity and the date of the particle size distribution analysis; the size of the obtained CDs was about 5.6 nm. Dynamic light scattering (DLS) reflects the diameter of CDs existing in the range of 5.6 ± 1.2 nm.
In addition, FTIR and XPS were employed to analyze the functional groups and component element of the as-prepared CDs in detail. Firstly, the spectrum of FTIR displayed in Fig. 2D ; there is a peak located at 3419 cm -1 , which may be the characteristic absorption of O-H stretching vibration, which reflects the existence of hydroxyl groups. The peak of 1653 cm -1 is likely to indicate C=O stretching vibration, revealing the existence of the carbonyl group. Moreover, XPS surveys spectra of these CDs further confirm the IR data. Two major peaks of C, O distinctly appeared in the spectrum (Fig. 3A) , suggesting that the as-prepared CDs mainly consisted of C (66.6%) and O (32.01%). Then, three peaks were displayed at 284.78, 286.38 and 288.28 eV in deconvolution of the C 1s spectrum (Fig. 3B) , which are attributed to C-C, C-OH and C=O, suggesting the presence of three types of carbon bonds. The O 1s spectrum (Fig. 3C) showed the four peaks at 531.32, 532.27, 533.13 and 536.23 eV, those owed to the C-O, C=O, C-OH and chemisorbed water, respectively. All in all, the XPS data were like that of FTIR, showing that the obtained CDs presented the functional groups of -OH and C=O on the surface.
Optimizing the synthesis conditions of CDs
We also studied whether the concentration of NaOH and the dosage of HPMC have any effects on the fluorescence intensity of the CDs in the synthetic process. In order to obtain superior fluorescent CDs, we performed a series of experiments to investigate the optimal conditions while producing CDs; the fluorescence intensity varied with the following two conditions: the concentration of NaOH and dosage of HPMC, as revealed in Fig. S2 (Supporting Information), indicating that these two selected conditions have influences on producing CDs. Hence, 1 g of HPMC and 3 M NaOH were served as the optimized conditions to produce CDs.
Stability of CDs
Whether the CDs have stability, some circumstances were chosen to investigate the influence on the CDs. The consequence of those experiments shows that the fluorescent intensities of CDs could remain stable in different concentrations of NaCl, time and pH (Figs. 4A, 4B and 4C) . Furthermore, Fig. 4D shows that the CDs scarcely exhibited any variation in the presence of several routine organic solvents; F0 and F represent the fluorescence intensity of CDs before and after the addition of an organic solvent. All of those consequences demonstrate that the current CDs have favorable stability and tolerance for photobleaching.
Selectivity of the proposed method
We supposed whether the CDs can be used as a fluorescent probe on account of their excellent fluorescent properties. Through our study, the fluorescence intensity of the CDs at 420 nm quenched obviously once introducing ciprofloxacin (Fig. 5A) . Simultaneously, in the inset photos of Fig. 5A , the fluorescence of CDs quenched by adding 90 μM L -1 ciprofloxacin (picture II) compared with that without ciprofloxacin (picture I) under UV light, the pictures taken under the UV light further suggest the feasibility of proposed method; therefore, the method can be used to sense ciprofloxacin. Concerning the coexisting matrix during the procedures of detecting ciprofloxacin, related experiments were performed. As shown in Fig. 5B , the glucose, amino acids and common ions did not impact the result in the probe of sensing ciprofloxacin. Although GSH and Ca 2+ had only a little effect on process, vitamin B had a relatively larger influence during sensing. Overall, the detection process had showed an antiinterference in some degree.
Optimization of detection conditions
To detect ciprofloxacin more effectively, the conditions, including the incubation temperature, incubation pH and reaction time were chosen (Figs. S3A, S3B and S3C, Supporting Information). We can draw the conclusion that the time, temperature and pH have no impact on the detection results. Therefore, the optimal conditions in the procedure of detection are as follows: incubation temperature of 30 C, incubation time of 40 min and incubation pH of 7.
Detection of ciprofloxacin by using CDs
Next, a series of experiments were performed to build up the corresponding calibration curves of sensing ciprofloxacin. (Fig. 6B) ; the correlation coefficient was 0.9681 and the detection limits of this method were 5.88 nM at a signal-to-ratio of 3. In general, the consequence demonstrated that a sensitive method had been established successfully with a wide linear range. Concerning the interaction between CDs obtained here and ciprofloxacin, it is considered that hydrogen bonds formed between ciprofloxacin and -OH, -C=O on the surface of the CDs. Besides, the electrostatic interaction between the electron-rich -OH, -C=O on the surface of the CDs and the fluoro-substituted aromatic ring of ciprofloxacin may occur. These two kinds of interactions may lead to CDs combining with ciprofloxacin. 33 Also the related sensing mechanisms were further explored in detail. The size of the CDs was 5.6 ± 1.2 nm (Fig. S4A , Supporting Information) and their average size increased with ciprofloxacin introduction (Figs. S4B and S4C , Supporting Information). The sizes of the CDs obviously increased, suggesting that CDs and ciprofloxacin form complexes that lead to fluorescence quenching.
Conclusions
To summarize, we successfully synthesized carbon dots derived from HPMC, which served as a carbon resource of CDs. The as-producing CDs emitted blue fluorescence and had favorable stability. Meanwhile the CDs showed superior dispersity, and the particle size of the majority of these was at 5 nm. In addition, the CDs obtained here consisted of the elements C and O, which were equipped with functional groups of -OH and C=O on their surfaces. Apart from the above advantages, the CDs can be used to sense ciprofloxacin. The fluorescence of CDs was obviously quenched once ciprofloxacin was introduced, since the CDs form complexes with ciprofloxacin, leading to their fluorescence quenching. Based on this mechanism, the current CDs have been employed for the quantitative detection of ciprofloxacin with a linear range of 10 nM L -1 -90 μM L -1 ; the corresponding detection limit was 5.88 nM L -1 at a signalto-ratio of 3. The related experiments demonstrate that this method is simple, sensitive, and selective.
